- 1 - ifl/525237 

DT01 Roc'd PCT/PTC 2 2 FB 2D?5 

DESCRIPTION 



ELECTROLYTIC SOLUTION 



5 TECHNICAL FIELD 

The present invention relates to an electrolytic solution, more 
specifically to an electrolytic solution to be used in electrolytic capacitors. 

BACKGROUND ART 

10 Along with progression of space-saving around installed capacitors in 

recent years, there has been arising need for an electrolytic solution capable of 
generating high spark voltages that will enable down-sizing of capacitors. 
For this, an electrolytic solution is proposed in which is utilized a 
polycarboxylic acid having two or more secondary and/or tertiary carboxyl 

15 groups in total and whose molecular weight is not less than 260 (see, e.g., 
Japanese Patent Application Publication No. Hl-103821). 

In order to increase spark voltages, either of the following two means 
has been employed so far, i.e., increasing the molecular weight, thus 
increasing the van der Waals volume, of the anionic components in the 

20 electrolytic solution, or employing additives such as ethylene glycol. However, 
by either of these means, decrease in specific electric conductivity occurs 
inversely proportional to the increase in spark voltages. 



DISCLOSURE OF INVENTION 

25 The purpose of the present invention is to obtain an electrolytic 

solution that enables generation of high spark voltages without inducing a 
decrease in the specific electric conductivity. 

In general, spark voltage strongly correlates to the van der Waals 
volume of the anionic ingredients of an electrolytic solution- the greater the 

30 van der Waals volume, the higher the spark voltage. On the other hand, 
specific electric conductivity is apt to decrease when the van der Waals volume 
of an anionic ingredient increases. However, depending on their molecular 
structures, there are some cases where discrepancy in spark voltages exists 
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between molecules comparable to each other in terms of van der Waals volume 
and specific electric conductivity. The present inventors herein assumed the 
presence of a second factor, apart from the van der Waals volume of an anionic 
ingredient, the factor contributing to spark voltages without adversely 
affecting specific electric conductivity, and thus set to a study. As a result, 
the factor was pinned down to be the energy of formation in water of the ionic 
complex from the carboxylate anion and aluminum ion, which energy may be 
calculated by the MM3/MP3 method of the CAChe system, and this lead to the 
present invention. Thus, the present invention is an electrolytic solution 
comprising an organic polar solvent (C) and further comprising a carboxylic 
acid (AO) and/or a carboxylate salt (B), wherein the carboxylate anion (A) is 
one with which the energy of formation in water of the ionic complex (D) with 
aluminum ion is not more than -250 kcal/mol and not less than -500 kcal/mol 
as calculated by the MM3/PM3 method of the CAChe system. 

Using the electrolytic solution for electrolytic capacitors according to 
the present invention, higher spark voltages can be generated without 
inducing a decrease in the specific electric conductivity. 

BEST MODE FOR CARRYING OUT THE INVENTION 
20 The carboxylate anion (A) derived from the carboxylic acid (AO) and/or 

the carboxylate salt (B), components of the electrolytic solution of the present 
invention, is one with which the energy of formation in water of the 
coordination complex (D) with aluminum ion is usually not more than -250 
kcal/mol, preferably not more than -300 kcal/mol, more preferably not more 
25 than -350 kcal/mol, and usually not less than -500 kcal/mol, preferably not 
less than -450 kcal/mol, as calculated by the MM3/PM3 method of the CAChe 
system. 

When the energy of formation is above -250 kcal/mol or below -500 
kcal/mol, the effect of increasing spark voltages turns small. It is the 
30 smallness of the energy of formation of the ionic complex (D) of the carboxylate 
anion (A) with aluminum ion that enables higher spark voltages without 
requiring increase in the van der Waals volume of the carboxylate anion, thus 
giving an electrolytic solution simultaneously having high specific electric 



10 
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conductivity and high spark voltage. Though the reason is not clear, the 
increase in spark voltage is considered to be due to suppressed diffusion of 
aluminum ion into the electrolytic solution because of the formation of the 
ionic complex (D), and to efficient restoration of anodic oxidation-formed 
5 coating films from partial damage. 

The energy of formation may be calculated using software produced by 
Fujitsu Limited, "CAChe4.4", by inputting the structure of D and selecting the 
MM3/PM3 method as the method for calculation. 

As for the carboxylate anion (A), dicarboxylate anion is preferred, for it 
10 more readily coordinates with aluminum ion and thus leads to reduction of the 
energy of formation. 

The carboxylate anion (A) employed in the present invention is one 
that is characterized in that the energy of formation in water of the ionic 
complex (D) it forms with aluminum ion is not more than -250 kcal/mol as 
15 calculated by the MM3/PM3 method of the CAChe system. 

In the present invention, "aluminum ion" means the trivalent cation 

A13+ 

While the van der Waals volume of the carboxylate anion (A) employed 
may be in a proper range corresponding to required spark voltages and specific 

20 electric conductivities, from a viewpoint of obtaining an electrolytic solution 
suitable for capacitors of moderate/high voltage classes over 100 V, the volume 
is preferably not less than 190 cubic angstroms, more preferably not less than 
250 cubic angstroms, and preferably not more than 500 cubic angstroms, more 
preferably not more than 400 cubic angstroms. Herein, the van der Waals 

25 volume, which may be calculated using the CAChe system, means the volume 
of a solid defined by connecting the points at which the same probability 
density of electron is exhibited in the three-dimensional space and having an 
energy of 18 kcal/mol. 

The modulus of the difference between the solubility parameter 

30 (hereinafter abbreviated to "SP value") for the carboxylate anion (A) as 
calculated by Fedors method and the SP value for the organic polar solvent (C) 
is preferably not less than 4, and preferably not more than 9, more preferably 
not more than 8, from a viewpoint of the solubility of the electrolyte in the 
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solvent. 

The SP value for the carboxylate anion (A) as calculated by Fedors 
method is the value calculated by the method described in Polymer 
Engineering and Science, Vol. 14, No. 2, p. 147-154(1974). Namely, SP value 
8 (at 25 °C) is given by the following formula: 

1/2 1/2 



8 = 
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where AE and V: cohesive energy density and molar volume, 
respectively, 

10 Aei and Avi^ energy of vaporization and molar volume, respectively, for 

an atom or a group of atoms, 

provided that, for resins having Tg >25 °C, the following values are 
added to the molar volume : 

ifn<3, then+Avi=4n 
ifn>3, then+Avi=2n 

15 n- the number of the atoms forming the principal chain of the smallest 

repeating unit building up the polymer. 

As for the carboxylate anion (A) employed in the present invention, the 
maximal electron density of the highest occupied orbital of the molecule (A), as 
20 calculated by the MM3/PM3 method of the CAChe system, is preferably not 
less than zero, preferably not more than 0.5, and more preferably not more 
than 0.3, from a viewpoint of stability in terms of the breakage of the molecule 
upon application of voltage and exposure to thermal history. 

Within this range, the carboxylate anion (A) resists molecular 
25 breakage that could be induced by electrical and thermal energy. 

As for the carboxylate anion (A), secondary dicarboxylate dianion is 
more preferred from a viewpoint that it can suppress esterification reaction 
with the solvent and its decline in the specific electric conductivity is small at 
high temperatures (100 °C - 180 °C). This is due to increased steric 



hindrance in secondary dicarboxylic acid because of a substituent at the 
a-position relative to the carboxyl group. 

The carboxylate anion (A) is one that is represented by the following 
general formula (l)(Al) or one that is represented by the following general 
formula (2)(A2). Among (Al) and (A2), those that are preferred are a 
dicarboxylate dianion having an ether bond, a dicarboxylate dianion having a 
hydroxyl group, and a dicarboxylate dianion having asymmetrical side chains. 

ooc-c-x-c-coo < 1 > 

H H 



OH OH 

R 3 R 4 _ (2) 

OOC-C-Y— C-COO 
H H 

wherein X is a linear or branched, saturated or unsaturated, divalent 
hydrocarbon group having 1 to 12 carbon atoms, and, from a viewpoint of 
simultaneous achievement of high specific electric conductivity and high spark 
voltage, the number of carbon atoms is preferably not less than 2, more 
preferably not less than 4, and preferably not more than 10, and more 
preferably not more than 8. X may have an ether bond. Examples of X 
include such groups as ethylene, propylene, isopropylene, butylene, 
isobutylene, pentylene, hexylene, heptylene, octylene, a group represented by 
-OtCEfeL-O- (n is 1-10), a group represented by -OC6H4-O-, and 
polyoxyalkylene (polymerization degree of 2-4; ethylene or isopropylene for 
the alkylene). Among them, particularly preferred are hexylene, heptylene, 
octylene and polyoxyalkylene groups. 

Ri and R2 are linear or branched, saturated or unsaturated, 
monovalent hydrocarbon groups having 2 to 10 carbon atoms wherein Ri and 
R2 are different from each other, or Ri and R2 are monovalent hydrocarbon 
groups having an ether bond and having 2 to 10 carbon atoms wherein Ri and 
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K,2 may be the same or different from each other. Examples of Ri and R2 
include such groups as ethyl, propyl, isopropyl, butyl, isobutyl, pentyl, hexyl, 
heptyl, octyl, 2-ethylhexyl, methylpolyoxyalkylene (polymerization degree of 
2-4; ethylene or isopropylene for the alkylene), and phenylpolyoxyalkylene 
5 (polymerization degree of 2 -4; ethylene or isopropylene for the alkylene). 
Among those, particularly preferred are isopropyl, hexyl, heptyl, octyl, and 
2-ethylhexyl groups where Ri and R2 are different with each other, or 
methylpolyoxyalkylene and phenylpolyoxyalkylene, from a viewpoint of 
simultaneous improvement of solubility to solvents and withstand voltage. 

10 Y is a linear or branched, saturated or unsaturated, divalent 

hydrocarbon group having 1 to 12 carbon atoms, and, from a viewpoint of 
simultaneous achievement of high specific electric conductivity and high spark 
voltage, the number of carbon atoms is preferably not less than 2, more 
preferably not less than 4, and preferably not more than 10, more preferably 

15 not more than 8, and an ether bond may be included. Examples of Y include 
such groups as ethylene, propylene, isopropylene, butylene, isobutylene, 
pentylene, hexylene, heptylene, octylene, a group represented by 
-0[CH2CH2] n "0- (n is 1-5), a group represented by -0[CeH6]-0-, and 
polyoxyalkylene (polymerization degree of 2-4; ethylene or isopropylene for 

20 the alkylene). Among those, particularly preferred are hexylene, heptylene, 
octylene, and polyoxyalkylene groups. 

R3 and R4 are linear or branched, saturated or unsaturated, divalent 
hydrocarbon groups having 1 to 10 carbon atoms, and may have an ether bond. 
R3 and R4 may be the same or different from each other. Examples of R3 and 

25 R4 include such groups as ethylene, propylene, isopropylene, butylene, 
isobutylene, pentylene, hexylene, heptylene, octylene, a group represented by 
-[OCHfeCHfeln" (n is 1 _ 4), and a group represented by -[OCH 2 CH(CH 3 )]n- (n 
is 1-3). Particularly preferred are hexylene, heptylene, and octylene groups. 

Examples of methods for preparing the aforementioned carboxylate 

30 anion (Al) include; a method in which, applying the technique described in the 
Journal of Organic Chemistry, 24,54(1959), a carboxylate ester having an 
ethylene oxide ring, which is prepared from an acrylate ester and hydrogen 
peroxide, is reacted with a linear and/or branched, saturated and/or 
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unsaturated diol having 1 to 10 carbon atoms and which may have an ether 
bond, and further reacted with ethylene oxide and/or propylene oxide, and then 
subjected to saponification in a conventional method to give the aimed 
compound; and a method in which polyethylene glycol is reacted with 
5 p-toluenesulfonyl chloride, subsequently subjected to nucleophilic addition 
with methylpolyethylenemalonic acid methyl or ethyl ester having 6- 17 
carbon atoms at a reaction temperature of 70 °C in the absence of a solvent, 
and then to saponification and decarboxylation by a conventional method. 

An example of methods for preparing the aforementioned carboxylate 
10 anion (A2) is a method in which l,6dicyclohexane is subjected to nucleophilic 
addition reaction with polyoxyethylenemalonic acid methyl or ethyl ester of a 
polymerization degree of 1-4 at a reaction temperature of 70 °C in the absence 
of a solvent, then to saponification and decarboxylation by a conventional 
method. 

15 The aforementioned carboxylate anion (A2) may also be obtained by 

another method, e.g., in which polyethylene glycol is reacted with 
p-toluenesulfonyl chloride, then subjected to nucleophilic displacement 
reaction with alkylmalonic acid methyl or ethyl ester having 6 -17 carbon 
atoms at a reaction temperature of 70 °C in the absence of a solvent, and to 

20 saponification and decarboxylation by a conventional method. 

The carboxylic acid (AO) is the protonated form of the corresponding 
carboxylic anion (A). From a viewpoint of reactivity with solvent molecules 
and solubility in the solvent, preferred carboxylic acid (AO) is a secondary 
dicarboxylic acid, and especially preferred is a secondary dicarboxylic having a 

25 hydrophilic group such as a hydroxyl group or an ether bond in the molecule. 
More specifically, it is the protonated form of what is represented above by the 
general formula (l)(Al) or the general formula (2)(A2). 

Examples of the carboxylate salt (B) include ammonium salts and 
amine salts of the carboxylic acid (AO). 

30 Examples of amines (bases) which form the amine salts include 

primary amines (methylamine, ethylamine, ethylenediamine, etc.), secondary 
amines (dime thy lamine, diethylamine, etc.), and tertiary amines 
[trimethylamine, triethylamine, dime thy lethylamine, dimethylisopropylamine, 
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l,8-diazabicyclo(5,4,0)-undecene-7, etc.]. Among those, preferred are 
ammonium salts and triethylamine salts, and particularly preferred are 
ammonium salts. 

The molar ratio of the carboxylate group (A) to ammonium group which 
5 form carboxylate salts (B) T is preferably (1^2) -(1-0.5), and more preferably 
(i:i.2)-(l:0.8). 

Examples of organic polar solvents (C) used in the electrolytic solution 
for electrolytic capacitors of the present invention include one or more solvents 
selected from alcohols, ethers, amides, lactones, nitriles, carbonates, and other 
10 organic polar solvents. 

Specific examples of organic polar solvents (C) include the following: 
(l) Alcohols; 

Monovalent alcohols; monovalent alcohols having 1-6 carbon atoms 
(methyl alcohol, ethyl alcohol, propyl alcohol, butyl alcohol, diacetone alcohol, 
15 furfuryl alcohol, etc.), and monovalent alcohols having not less than 7 carbon 
atoms (benzyl alcohol, octanol, etc.), 

Divalent alcohols; divalent alcohols having 1-6 carbon atoms (ethylene 
glycol, propylene glycol, diethylene glycol, hexylene glycol, etc.), and divalent 
alcohols having not less than 7 carbon atoms (octylene glycol, etc.), 
20 Trivalent alcohols; trivalent alcohols having 1-6 carbon atoms 

(glycerol, etc.), 

Quadrivalent to sexivalent alcohols or alcohols having more valences; 
quadrivalent to sexivalent alcohols, or alcohols having more valences, having 
1-6 carbon atoms (hexitol, etc.), 
25 (2) Ethers; 

Monoethers (ethylene glycol monomethyl ether, ethylene glycol 
monoethyl ether, diethylene glycol monomethyl ether, diethylene glycol 
monoethyl ether, ethylene glycol monophenyl ether, tetrahydrofuran, 
3-methyltetrahydrofuran, etc.), diethers (ethylene glycol dimethyl ether, 
30 ethylene glycol diethyl ether, diethylene glycol dimethyl ether, diethylene 
glycol diethyl ether, etc.), etc., 
(3) Amides; 

Formamides (N-methylformamide, N,N-dimethylformamide, N-ethyl- 



formamide, N,N-diethylformamide, etc.), acetamides (N-methylacetamide, 
N, N-dimethylacetamide, N-ethylacetamide, N, N- diethylace tamide , etc .), 
propionamides (N,N-dimethylpropionamide, hexamethylphosphorylamide, etc.), 
oxazolidinones (N-methyl-2-oxazolidinone, 3.5-dimethyl-2-oxazolidinone, etc.). 

(4) Lactones; 

a-acetyl-ybutyrolactone, 6-butyrolactone, Y~ va l er olactone, 8-valero- 
lactone, etc. 

(5) Nitriles; 

Acetonitrile, acrylonitrile, etc. 

(6) Carbonates; 

Ethylene carbonate, propylene carbonate, etc. 

(7) Other organic polar solvents; 

Dimethylsulfoxide, sulfolane, l,3-dimethyl-2-imidazolidinone, 
N-methylpyrrolidone, etc. 

Among those enumerated above, more preferred are divalent alcohols 
having 1-6 carbon atoms (ethylene glycol, propylene glycol, diethylene glycol, 
hexylene glycol, etc.), and still more preferred is ethylene glycol. 

The weight content of the organic polar solvent (C) is preferably 
5 "95 % by weight relative to the total weight of the electrolytic solution, more 
preferably 30-95 % by weight, and most preferably 60-95 % by weight. 

When required, a non-polar solvent such as an aromatic solvent 
(toluene, xylene, etc.), and a paraffinic solvent (normal paraffin, isoparaffin) 
may be concomitantly used, along with an organic polar solvents (C) 
enumerated above, as a solvent used for the electrolytic solution for electrolytic 
capacitors. 

The content of such a non-polar solvent is preferably not more than 
20 % by weight of the total weight of the electrolytic solution. 

When required, water may be included in the electrolytic solution for 
electrolytic capacitors. The content is not more than 10 % by weight of the 
total weight of the electrolytic solution. 

As the ionic complex (D) formed from the carboxylate % anion (A) and 
aluminum ion, particularly preferred is one represented by the formula (3) or 

(4). 
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The ionic complexes (D) shown above are hypothetical compounds used 
for the calculation of the energy of formation in water. The carboxylic acid 
(AO) and/or carboxylate salt (B) dissolved in the organic polar solvent (C) are 
considered to from, through a reaction with aluminum in the electrolytic 
5 capacitor, an ionic complex (D) with aluminum ion. 




OH OH 




10 

The total weight of the carboxylic acid (AO) and/or carboxylate salt (B) 
is preferably 1~70 % by weight relative to the total weight of the electrolytic 
solution, and more preferably 5-40 % by weight. 

When required, a variety of additives that are commonly used in 
15 electrolytic solutions may be added to the electrolytic solution of the present 
invention. 

Examples of such additives include phosphoric acid derivatives (e.g., 
phosphoric acid, phosphate esters, etc.), boric acid derivatives (e.g., boric acid, 
complexes of boric acid and a polysaccharide (such as mannitol, sorbitol, etc.), 
20 complexes of boric acid and a polyol (ethylene glycol, glycerol, etc.)), nitro 
compounds (e.g., o nitrobenzoic acid, p-nitrobenzoic acid, m-nitrobenzoic acid, 
o-nitrophenol, p-nitrophenol, etc.), etc. 

When required, a small amount of carboxylic acid having a primary 
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10 



15 



20 



25 



carboxyl group or a carboxylic acid having an aromatic carboxyl group may be 
admixed to improve performance for coating film formation by anodic oxidation 
or for additional improvement of the specific electric conductivity. Examples 
of those which can be admixed include adipic acid, azelaic acid, 
1,6-decanedicarboxylic acid, 2-butylhexanedioic acid, benzoic acid, etc. 

The total amount of additives mentioned above is preferably not more 
than 10 % by weight of the total weight of the carboxylic acid (AO) and the 
carboxylate salt (B). 

The pH of the electrolytic solution of the present invention is 
preferably 3-12, more preferably 5-10. 

In preparing the polycarboxylic acid salt (B), conditions are selected so 
that the pH of the electrolytic solution will fall within the above ranges. 
Herein, the pH of the electrolytic solution is the value measured of the 
electrolytic stock solution at 25 °C. 

The electrolytic solution of the present invention is used for electrolytic 
capacitors, preferably for electrolytic capacitors of moderate/high voltage 
classes having spark voltages of 100 V or more. 
[Examples] 

The present invention will be described in further detail below with 
reference to examples. The present invention, however, is not limited to those 
examples. 

Preparation Example 1 

[Preparation of carboxylate ester having an epoxy ring] 

344 g (4 mol) of methyl acrylate, 478 g (4.2 mol) of 30 % hydrogen 
peroxide and 23.2 g of sodium tungstate were charged in a 2-liter four-necked 
flask equipped with a rectification column, and reaction was allowed for 2 
hours at 70 °C with stirring. Subsequent rectification gave 285.6 g of (E l) 
represented by the following formula. 




(E-l) 



COOCH 3 
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Example 1 

118 g (l mol) of 1,6-hexanediol and 12.1 g of boron trifluoride were 
charged in a 1-liter autoclave. After heating to 65 °C, 210.1 g (2.06 mol) of the 
aforementioned (E-l) was added dropwise over 8 hours, and then 90.6 g (2.06 
5 mol) of ethylene oxide was added dropwise over 8 hours. Extraction of the 
reaction mixture with ethyl ether, followed by treatment with 10 N potassium 
hydroxide and then with 6 N hydrochloric acid, gave 170.4 g of the dicarboxylic 
acid (A0-1) represented by the following formula. 18.36 g (0.05 mol) of (A0-1) 
thus obtained was dissolved in 80 g of ethylene glycol, and purged with 
10 ammonia gas. Termination of purging when neutrality was reached gave a 
100-g solution of the ammonium dicarboxylate (B~l). 

HO-CH 2 CH 2 0-CH 2 CH-O jcH 2 |o-CH-CH 2 0-CH 2 CH 2 OH 

COOH 6 COOH 



15 Example 2 

The same procedure was followed as in Example 1 except that 76 g of 
1,3 -propanediol was used in place of 1,6-hexanediol in Example 1, that the 
amount of ethylene oxide added dropwise was 135.9 (3.09 mol), and that the 
duration of ethylene oxide dropwise addition was 12 hours. 160.3 g of 
20 dicarboxylic acid (AO- 2) represented by the formula shown below was thus 
obtained. 18.18g (0.05 mol) of thus obtained (AO-2) was dissolved in 80 g of 
ethylene glycol, purged with ammonia gas. Termination of purging when 
neutrality was reached gave a 100-g solution of the ammonium dicarboxylate 
(B-2). 



25 



HO-CH 2 CH 2 0-CH 2 CH-Of CH 2 

COOH 



0-CH-CH 2 0-CH 2 CH 2 OH 
COOH 



3 rnnw (AO-2) 



Preparation Example 2 

[Preparation of ditosylated compound from tetraethylene glycol ] 
30 193.2 g (1 mol) of tetraethylene glycol and 900 ml of dry pyridine were 

charged in a 3-liter four-necked flask. A solution of p toluenesulfonyl chloride 
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10 



dissolved in 600 ml of dry toluene was added dropwise with stirring while 
keeping the temperature of the content of the flask below 10 °C. Reaction 
was allowed for 4 hours, and then further 12 hours for maturation at room 
temperature. The reaction mixture was extracted with toluene, and the 
extract was washed with 1 N hydrochloric acid and then with 10 % sodium 
hydroxide aqueous solution. Topping toluene gave 300 g of (E-2) represented 
by the following formula. 



9 r^r^r^r^ 9 



H 3 C^ S-O. O O O O-S— <^ ^—CH* (E ' 2) 



Example 3 

To a solution of 216.3 g of diethyl n-butylmalonate dissolved in 700 ml 
of dry benzene was added a solution of 68.5 g of sodium ethoxide dissolved in 
60 ml of dry ethanol in a 3-liter four-necked flask, and reaction was allowed for 

15 15 minutes by heating under reflux. To the reaction liquid was added 
dropwise over 2 hours a solution of 239.3 g of (E*2) described above dissolved 
in 300 ml of dry benzene, and reaction was allowed for 12 hours by heating 
under reflux. The reaction mixture was extracted with ethyl ether, and 
treated with 10 N potassium hydroxide and then with 6 N hydrochloric acid. 

20 Topping ethyl ether gave a tetracarboxylic acid. The tetracarboxylic acid thus 
obtained was dissolved in pyridine, and decarboxylation by heating under 
reflux gave the dicarboxylic acid (AO- 3) represented by the following formula. 
18.33 g (0.05 mol) of the (A0~3) thus obtained was dissolved in 80 g of ethylene 
glycol, purged with ammonia gas. Termination of purging when neutrality 

25 was reached gave a 100-g of a solution of the ammonium dicarboxylate (B-3). 

H3C~CH2-CH2 _ CH2"CH^CH2"CH2"O^CH 

COOH 3 COOH (AO-3) 



Example 4 
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286.5 g of diethyl 2-ethylhexylmalonate and 256.8 g 28 % sodium 
methoxide solution in methanol, and, separately, 224.1 g of diethyl 
isopropylmalonate and 249.4 g of 28 % sodium methoxide solution in methanol, 
were stirred under heating in one and the other of two 1-liter four-necked 
5 flasks, respectively. Then, to 171.8 g of dichlorohexane in a 2-liter 
four-necked flask was added the whole volume of the above-described mixtures 
of the malonic acid derivatives and sodium methoxide methanol solutions, and 
reaction was allowed for 22 hours by heating under reflux. The reaction 
mixture was extracted with toluene and treated with 10 N potassium 

10 hydroxide aqueous solution and then with 6 N hydrochloric acid. Removal of 
the solvent gave a tetracarboxylic acid. Dissolution of the tetracarboxylic acid 
thus obtained in pyridine and decarboxylation by heating under reflux gave 
the dicarboxylic acid (AO-4) represented by the following formula. 18.31 g 
(0.05 mol) of (AO-4) thus obtained was dissolved in 80 g of ethylene glycol and 

15 purged with ammonia gas. Termination of purging when neutrality was 
reached gave a 100-g solution of the ammonium dicarboxylate (B-4). 

CH3 _ CH~~CH2-CH"^CH2^~ CH CH2"CH — CH2~CH2~CH2~CH3 (AO-4) 
CH 3 COOH 6 COOH CH 2 

CH 3 

Example 5 

In a 3-liter four-necked flask, the mixture of 383.9 g of diethyl 
20 1-hydroxyhexylmalonate and 331.2 g of 28 % sodium methoxide solution in 
methanol was heated with stirring. To the mixture liquid was added 114.5 g 
of dichlorohexane, and reaction was allowed for 17 hours by heating under 
reflux. The reaction mixture was extracted with ethyl acetate, and treated 
with 10 N potassium hydroxide aqueous solution and then with 6 N 
25 hydrochloric acid. Removal of the solvent gave a tetracarboxylic acid. The 
tetracarboxylic acid thus obtained was dissolved in pyridine. Decarboxylation 
by heating under reflux gave the dicarboxylic acid (A0*5) represented by the 
following formula. 18.43 (0.05 mol) of (AO-5) thus obtained was dissolved in 
80 g of ethylene glycol, and purged with ammonia gas. Termination of 
30 purging when neutrality was reached gave a 100-g solution of the ammonium 
dicarboxylate (B-5). 
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HO^H^CH^CH^CH^H^OH 
COOH COOH 



Preparation Example 3 
5 The tosylated compound (E"3) [represented by the following formula 

(E"3)] from diethylene glycol mono methyl ether was synthesized in situ. In a 
3-liter four-necked flask, a mixture of 610.6 g of diethyl malonate and 1500.2 g 
of 20 % sodium ethoxide solution in ethanol was heated with stirring. To the 
mixture liquid was added dropwise the toluene solution of the above-described 
10 (E-3). Reaction was allowed for 9 hours by heating under reflux, and the 
reaction mixture was extracted with ethyl acetate. Removal of the solvent 
gave the diethyl malonate derivative (E-4) represented by the following 
formula. 



15 



h 3 c-o o o-s 
6 




(E-3) 



EtOOC r-O O-CH3 

N / (E-4) 

EtOOC 



> 



20 Example 6 

In a 2-liter four-necked flask, a mixture of 432.3 g of the 
above -described (E-4) and 421.0 g of 20 % sodium ethoxide solution in ethanol 
was heated with stirring. To the mixture solution was added dropwise 115.1 
g of dichlorohexane, and reaction was allowed for 36 hours by heating under 
25 reflux. The reaction mixture was extracted with ethyl acetate, treated with 
10 N potassium hydroxide aqueous solution and then with 6 N hydrochloric 
acid. Removal of the solvent gave a tetracarboxylic acid. The tetracarboxylic 
acid thus obtained was dissolved in pyridine. Decarboxylation by heating 
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under reflux gave the dicarboxylic acid (A0"6) represented by the following 
formula. 18.45 g (0.05 mol) of (A0"6) thus obtained was dissolved in 80 g of 
ethylene glycol, and purged with ammonia gas. Termination of purging when 
neutrality was reached gave a 100-g solution of the dicarboxylic acid (B-6). 

H 3 C-0-CH 2 CH 2 -0-CH 2 -CH 2 CH^CH 2 )-CH-CH2-CH2 0~CH 2 CH 2 0-CH 3 

COOH 6 COOH 

(AO-6) 



Preparation Example 4 

The tosylated compound (E-5) [represented by the following formula 

10 (E-5)] from diethylene glycol monophenyl ether was synthesized in situ. In a 
3-liter four-necked flask, a mixture of 610.6 g of diethyl malonate and 1500.2 g 
of 20 % sodium ethoxide solution in ethanol was heated with stirring. To the 
mixture liquid was added dropwise a toluene solution of the above-described 
(E-5). Reaction was allowed for 9 hours by heating under reflux, and the 

15 reaction mixture was extracted with ethyl acetate. Removal of the solvent 
gave the diethyl malonate derivative (E~6) represented by the following 
formula. 



20 O 




EtOOC » (E . 6) 



EtOOC 



Example 7 

25 In a 2-liter four-necked flask, the mixture of 534.6 g of the 

above-described (E-6) and 421.0 g of 20 % sodium ethoxide solution in ethanol 
was heated with stirring. To the mixture liquid was added dropwise 115.1 g 
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of dichlorohexane. Reaction was allowed for 36 hours by heating under reflux. 
The reaction mixture was extracted with ethyl acetate, and treated with 10 .N 
potassium hydroxide aqueous solution and then with 6 N hydrochloric acid. 
Removal of the solvent gave a tetracarboxylic acid. The tetracarboxylic acid 
5 thus obtained was dissolved in pyridine. Decarboxylation by heating under 
reflux gave dicarboxylic acid (AO-7) of Example 7 represented by the following 
formula. 18.79 g (0.04 mol) of the (AO - 7) thus obtained was dissolved in 80 g 
of ethylene glycol, and purged with ammonia gas. Termination of purging 
when neutrality was reached gave a 100-g solution of the ammonium 
10 dicarboxylate (B-7). 

^^0-CH 2 -C^^ CA0-7) 



20 



COOH COOH 



Comparative Example 1 
15 18.04 (0.06 mol) of the n~octadecane dicarboxylic acid represented by 

the following formula [manufactured by Tokyo Kasei Kogyo Co., Ltd.] (A0-8') 
was dissolved in 80 g of ethylene glycol, and purged with ammonia gas. 
Termination of purging when neutrality was reached gave a 100-g solution of 
the ammonium dicarboxylate (B-8'X 



HOOC+CH 2 +COOH (AO-80 

\ '16 



Comparative Example 2 

To a solution of 216.3 g of diethyl methylmalonate dissolved in 700 ml 

25 of dry benzene was added a solution of 68.5 g of sodium ethoxide dissolved in 
60 ml of dry ethanol. Reaction was allowed for 15 minutes by heating under 
reflux. To the reaction liquid was added dropwise over 2 hours a solution of 
116.2 g of 1,6-dibromohexane dissolved in 190 ml of dry benzene. Reaction 
was allowed for 12 hours by heating under reflux. Extraction of the reaction 

30 mixture with ethyl ether, which was followed by treatment with 10 N 
potassium hydroxide and then with 6 N hydrochloric acid, gave a 
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tetracarboxylic acid. Dissolution of the thus obtained tetracarboxylic acid in 
pyridine, followed by decarboxylation by heating under reflux, gave 
2,9-dimethylsebacic acid (AO~90 represented by the following formula. 17.42 
(0.08 mol) of 2,9-dimethylsebacic acid (AO-90 thus obtained was dissolved in 80 
5 g of ethylene glycol, and purged with ammonia gas. Termination of purging 
when neutrality was reached gave a 100-g solution of the ammonium 
dicarboxylate (B"9'X 



HOOC 




(AO-90 



10 

Calculation of Physicochemical Parameters of Carboxylate Anions 

Van der Waals volume was calculated for the carboxylate anions (A) of 

the above -de scribed Examples and Comparable Examples using the MM3/PM3 

method of the CAChe system. The results are shown in Table 1. 
15 The solubility parameter of the carboxylate anions (A) and that of the 

organic polar solvents (C), which are calculated by the Fedors method, are 

shown in Table 1 along with the modulus of the difference between them. 

The maximal value of electron density of the highest occupied 

molecular orbital for the carboxylate anions (A) calculated by the MM3/PM3 
20 method of the CAChe system is shown in Table 1. 

The value of energy of formation for the ionic complexes (D) from the 

carboxylate anions (A) and aluminum ion calculated by the MM3/PM3 method 

of the CAChe system is shown in Table 1. 

Measurement of Specific Electric Conductivity and Spark Voltage for 

25 Electrolytic Solutions 

Measurement was made for the specific electric conductivity and the 
spark voltage for the electrolytic solutions of Examples 1~7 [(B-l)-(B-7), 
respectively] and for the electrolytic solutions of Comparative Examples 1-2 
[(B-80-(B-90, respectively] by the following methods. The results are shown 

30 in Table 1. 

Specific Electric Conductivity : The specific electric conductivity was 
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measured at 30 °C using an electric conductivity meter CM-40S manufactured 
by Toa Denpa K.K. 

Spark Voltage* Discharge voltage was measured for the electrolytic solutions 
using an etched and anodically oxidized aluminum foil for high-voltages of a 
5 size of 10 cm 2 and applying a constant current (2 mA). 



10 
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As evident from Table 1, the electrolytic solutions of Examples 1-7 of 
the present invention generate spark voltages that are higher than those 
generated with the electrolytic solutions of Comparative Examples 1-2. 

5 INDUSTRIAL APPLICABILITY 

As the electrolytic solution of the present invention for electrolytic 
capacitors allows to generate higher spark voltages without inducing decrease 
in the specific electric conductivity, it is of great industrial applicability, for its 
use in electrolytic capacitors, especially of moderate/high voltage classes, will 
10 realize space-saving around installed capacitors together with higher 
reliability of capacitors. 



